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Abstract
Background Hepatitis C virus (HCV) infection increases the risk of mortality and morbidity among chronic kidney 
disease (CKD) patients. However, the advancement of HCV treatment has made this viral infection curable. Thus, the 
main objective of this study was to comprehend the HCV genotype (GT) distribution and the efficacy of direct-acting 
antivirals (DAAs) among CKD patients in West Bengal.

Methods Over five years (January 2017 to December 2021), 310 HCV sero-reactive patients were enrolled in this 
observational prospective study. HCV RNA was quantified using qRT-PCR. The partial amplification of the core (405 bp) 
and NS5B (389 bp) region was performed by nested RT-PCR followed by Sanger sequencing for HCV genotype 
analysis using the NCBI genotyping tool. The phylogenetic tree was constructed using the MEGA-X tool.

Results The occurrence of HCV RNA positivity was 50.64% (n = 157), and of these 157 patients, 141 (89.81%) 
completed the DAAs treatment. The most important observation of the study was the prevalence of uncommon HCV 
genotype GT-1c (67.52%) followed by 1a, 4a, 3a, 1b, and 3b among CKD patients. The overall DAAs efficacy between 
January 2017 and December 2018 was ~ 97%, and in January 2019 and December 2021, ~ 95% among CKD patients. 
At the same time, in these two phases, DAAs efficacy among GT-1c-infected CKD patients was ˜ 96% and ˜ 93%, 
respectively.

Conclusions The prevalence of GT-1c among CKD patients was unusual in this geographic region. The overall 
efficacy of DAAs among the CKD population was encouraging. However, the downtrend of the DAAs efficacy in GT-1c 
may increase concern among this high-risk group in the future.

Clinical trial Not applicable.

Keywords Hepatitis C virus (HCV), Chronic kidney disease (CKD), HCV genotype (GT), Direct-acting antivirals (DAAs)

Impact of hepatitis C virus genotype 
on the efficacy of the direct-acting antivirals 
in chronic kidney disease patients in West 
Bengal, India
Sagnik Bakshi1† , Supradip Dutta1† , Aritra Biswas1 , Raina Das1 , Shreyasi Nath1 , Anwesha Ghosh1 , 
Upasana Baskey1  and Provash Chandra Sadhukhan1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://orcid.org/0000-0002-3332-2052
http://orcid.org/0000-0003-2516-5146
http://orcid.org/0000-0003-4204-7088
http://orcid.org/0000-0002-5588-5526
http://orcid.org/0000-0002-9537-2346
http://orcid.org/0009-0008-0345-1321
http://orcid.org/0000-0001-6363-886X
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-025-10947-x&domain=pdf&date_stamp=2025-5-16


Page 2 of 12Bakshi et al. BMC Infectious Diseases          (2025) 25:706 

Introduction
Kidney Disease Improving Global Outcomes (KDIGO) 
defines chronic kidney disease (CKD) as reduced kidney 
function with glomerular filtration rate (GFR) < 60  ml/
min per 1.73 m2 or the upregulation of kidney disease 
markers or both for at least three months [1]. Age, dia-
betes mellitus, heart disease, hypertension, serum lip-
ids, obesity, and consumption of alcohol are the key risk 
factors for developing CKD [2]. Global Burden of Dis-
ease (GBD) reported that the prevalence of CKD has 
increased by 33% between 1990 and 2017, and one-third 
of CKD patients are living in India and China alone [3]. 
Several studies reported that CKD patients are prone to 
acquiring secondary infections like hepatitis C infection 
due to frequent exposure to direct contact with infected 
patients, transfusion of contaminated blood products, or 
contaminated equipment during dialysis. HCV infection 
quickened the end-stage renal progression and increased 
the mortality and morbidity rates in CKD patients [4]. 
Several studies reported that the HCV infection rate in 
India among the CKD population ranges between 4.3% 
and 45% [5–7].

HCV is an enveloped, positive-sense RNA virus with 
a genome size of ~ 9.6  kb, belonging to the Flaviviridae 
family and Hepacivirus genus. This virus is associated 
with the risk of developing chronic liver diseases, includ-
ing cirrhosis of the liver and end-stage liver diseases 
like hepatocellular carcinoma (HCC) [8]. World Health 
Organization (WHO) estimates that there are 58  mil-
lion HCV infections globally, with around 1.5  million 
new cases every year and 290,000 HCV-related fatalities 
[9]. In India, the number of HCV infections is approxi-
mately 6–12 million [10]. Till now, HCV genotypes have 
been classified into eight and 86 subtypes [11]. In recent 
years, direct-acting antivirals (DAAs) have been used as a 
gold standard to combat HCV. The introduction of DAAs 
transforms the treatment of HCV infection, including 
CKD patients, who are considered a challenging popu-
lation in therapeutic management [11]. Therefore, it is 
important to frequently evaluate HCV infection and the 
efficacy among CKD patients for better treatment of 
HCV in this high-risk group (HRG). Few studies indi-
cated circulating HCV genotypes in this group from the 
western, southern, and north-eastern parts of India [12, 
13]. However, there is a lack of information on the circu-
lating HCV genotype among CKD patients in the eastern 
region of India. This study will provide that information. 
The Government of India (GOI) launched a National 
Viral Hepatitis Programme (NVHCP) in 2018 to elimi-
nate hepatitis C infection by 2030 [14]. Thus, it is impor-
tant to know the treatment efficacy of DAAs among CKD 
patients and the impact of HCV genotype on the treat-
ment outcome in this high-risk group population. A five-
year study was conducted to highlight the demographic 

analysis, viremia rate, HCV genomic diversity, and DAAs 
treatment efficacy among CKD patients in West Bengal, 
the eastern region of India.

Materials & methods
Study design
In the five years (January 2017 to December 2021), 310 
HCV sero-reactive CKD patients’ whole blood samples 
were collected for this observational prospective study. 
HCV sero-reactive patients are defined as individuals 
who have been infected with HCV at a certain point in 
time. An HCV sero-reactivity screening test was done, 
using the HCV antibody Enzyme-Linked Immunosor-
bent Assay (ELISA) test. However, a positive antibody 
test does not mean the individuals are infected with HCV. 
Therefore, an additional Nucleic Acid Test (NAT), an RT-
PCR test, is required for confirmation that the patient 
still has HCV infection. So, if a patient is reactive and RT-
PCR positive, we consider the patient to have an active 
HCV infection and they are HCV RNA-positive patients 
[15]. The patients were referred from different hospitals 
in West Bengal, India, and samples were collected in 
ICMR-NIRBI (Formerly ICMR-NICED). The serum was 
separated and stored at -80ºC for further study. Demo-
graphic and clinical data of the patients were collected 
at the time of enrolment and were maintained elec-
tronically. The study was divided into two periods based 
on their treatment regimen. Briefly, those HCV RNA-
positive CKD patients enrolled between January 2017 
and December 2018 who underwent DAAs treatment 
received the combination of 400  mg Sofosbuvir (SOF)/ 
90 mg Ledipasvir (LDV) or 400 mg SOF/ 60 mg Daclatas-
vir (DCV) for HCV treatment [16]. Whereas those HCV 
RNA-positive CKD patients enrolled between January 
2019 and December 2021 who underwent DAAs treat-
ment received 400 mg SOF/ 60 mg DCV or 400 mg SOF/ 
100 mg Velpatasvir (VEL) as an HCV treatment regimen 
[14]. We could not enroll CKD patients between March 
2020 and June 2020 due to the COVID-19 pandemic. 
Individuals with proper treatment information and those 
who have undergone dialysis for more than six months 
were only included in this study. Patients with ≥ 14 years 
were included in this study. Patients co-infected with 
hepatitis A, B, E, or human immunodeficiency virus 
(HIV) were excluded from this study.

Viral RNA isolation and HCV viral load Estimation
Viral RNA was isolated from 140  µl of HCV sero-reac-
tive serum samples using a QIAamp viral RNA mini 
kit (Qiagen, Hilden, Germany), eluted in 50  µl elution 
buffer, and stored at -80º C. The HCV RNA was deter-
mined quantitatively based on 5‘ UTR using Real-time 
PCR. A Quanti-Fast Pathogen RT-PCR + IC kit (Qiagen, 
Hilden,Germany) was used to determine HCV viral RNA 
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quantitatively. The HCV primers and probe sequences 
were selected against the 5′ UTR of the HCV genome. 
This study used the 4th WHO International Standard for 
HCV, NIBSC code 06/102, as a standard for viral load 
estimation. Viral load was expressed as log10 interna-
tional units per millilitre (log10 IU/ml) [17].

HCV genotyping and subtyping study
HCV genotyping was performed on HCV-RNA-positive 
patients by amplifying the viral genome’s partial core 
(405 bp) and NS5B (389 bp) gene using nested RT-PCR. 
The nested PCR reactions and conditions were set as 
described elsewhere [18]. The PCR amplicons of core 
(405  bp) and NS5B (389  bp) were visualized in a 1.5% 
agarose gel using a gel documentation system (Bio-Rad, 
USA). The positive amplified partial core (405  bp) and 
NS5B (389 bp) PCR products were gel excised and puri-
fied using Wizard® SV Gel and PCR Clean-Up System 
(Promega, Madison, USA) and used for sequencing using 
Big Dye Terminator 3.1 kit (Applied Biosystem, Foster 
City, USA) in an automated DNA sequencer 3730 XL 
(ABI, USA). Sequences were aligned and edited using the 
Bio-Edit tool. National Center for Biotechnology Infor-
mation (NCBI) genotyping tool ( w w w . n c b i . n l m . n i h . g o v / p 
r o j e c t s / g e n o t y p i n g) was selected for HCV genotypes and 
subtype determination [18].

Phylogenetic analysis of isolated HCV strain
The phylogenetic analysis used 116 and 113 representa-
tives of partial core and NS5B sequences, respectively. 
To investigate the evolutionary linkage among labora-
tory isolates and reference strains. Partial core (351  bp) 
and NS5B (321 bp) sequences of the representative HCV 
sequences were aligned with HCV reference strains using 
the Molecular Evolutionary Genetics Analysis (MEGA-
X) software [19]. The evolutionary history was inferred 
using the Maximum Likelihood method and Kimura 
2-parameter model (according to MEGA-X’s in-built 
model selection option) [20]. The tree with the highest 
log likelihood was constructed for core (-3110.59) and 
NS5B (-3254.33), respectively. The initial tree for the 
heuristic search was obtained automatically by applying 
Neighbor-Join (NJ) and Bio NJ algorithms to a matrix of 
pairwise distances estimated using the Maximum Com-
posite Likelihood (MCL) approach and then selecting 
the topology with a superior log-likelihood value. A dis-
crete Gamma distribution was used to model evolution-
ary rate differences among sites for core [5 categories 
(+ G, parameter = 0.4677)] and NS5B [5 categories (+ G, 
parameter = 1.8017)], respectively. All positions contain-
ing gaps and missing data were eliminated (complete 
deletion option). The final data set had 360 and 458 posi-
tions for the core and NS5B, respectively. Ninety partial 
core sequences were submitted in the Gen Bank, i.e., 1c 

(n = 63, MN590016-MN590019, MN642002-MN642058, 
OR167615-OR167619), 1a (n = 10, MN650197-
MN650202, OR167611-OR167612), 1b (n = 2, 
MN889529-30), 4a (n = 8, MN590020-MN590027), 3b 
(n = 2, OK148442-43), 3a (n = 5, MN889526-MN889528, 
OR167620-OR167621) while eighty-nine partial NS5B 
sequences were submitted in the Gen Bank, i.e., 1c 
(n = 62, PV232352-PV232414), 1a (n = 10, PV232335-
PV232344), 1b (n = 2, PV232333-PV232334), 4a (n = 8, 
PV239584-239591), 3b (n = 2, PV232345-46), 3a (n = 5, 
PV232347-PV232351).

Statistical analysis
Categorical demographic data and genotype distribution 
of patients were compared with the Chi-square test using 
GraphPad Prism v 9.5.1, CA, USA. Fisher’s Exact test was 
performed for the categorical genotype-based efficacy 
comparison. A p-value ≤ 0.05 was considered statistically 
significant. R version 4.1.1 (R Foundation for Statistical 
Computing, Vienna, Austria) was used to generate graph 
plots.

Results
Demographic data of HCV sero-reactive individuals
A total of 310 HCV sero-reactive CKD individuals were 
enrolled, of which 50.64% (n = 157) had an active HCV 
infection (HCV RNA positive). HCV viremia of male 
patients (51.90%) was slightly higher than that of female 
patients (48.10%), although no statistical significance 
was found (p-value = 0.55). Patients between the age 
group 65–75 years had significantly higher HCV vire-
mia (75%) than patients of any of the other age groups 
(p-value = 0.001). Additionally, patients who had under-
gone a higher frequency of dialysis per month (8–12 
times/ month) were at a higher risk of HCV infection 
(p-value = 0.009). Also, patients who lived in the subur-
ban areas had more active HCV infection (59.15%) than 
patients who lived in rural or urban areas (p-value = 0.95) 
(Table 1).

HCV genotype distribution
The partial core gene (405 bp) and NS5B (389 bp) of 157 
HCV RNA-positive CKD patients were amplified for 
HCV genotyping. The NCBI genotyping tool ( w w w . n c b i . 
n l m . n i h . g o v / p r o j e c t s / g e n o t y p i n g /) was used for genotype 
determination. Sequence alignment with reference HCV 
strains revealed that genotype 1 (82.17%, n = 129) was the 
predominant circulating genotype, followed by genotype 
3 (10.19%, n = 16) and genotype 4 (7.64%, n = 12) (Table 2 
and Fig. 1a).Six subtypes circulated among this high-risk 
group, including 1c (67.52%, n = 106), 1a (10.83%, n = 17), 
4a (7.64%, n = 12), 3a (6.37%; n = 10), 1b (3.82%, n = 6), 
and 3b (3.82%, n = 6) (Fig. 1a). It was observed that HCV 

http://www.ncbi.nlm.nih.gov/projects/genotyping
http://www.ncbi.nlm.nih.gov/projects/genotyping
http://www.ncbi.nlm.nih.gov/projects/genotyping/
http://www.ncbi.nlm.nih.gov/projects/genotyping/
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Gen-1c was the most widespread circulating strain in 
every variable among CKD patients (Table 2).

Phylogenetic tree construction of isolated HCV strains
The phylogenetic tree was constructed using 116 and 113 
partial core and NS5B gene sequences to understand the 
evolutionary relationship among the HCV strains iden-
tified and sequenced during this study. HCV subtype 1c 
was the significant circulating strain in this CKD study 
population, in which partial 1c core sequences were clus-
tered to the reference sequences D14853 (Indonesia), 
AY051292 (India), and KC844047 (China). Moreover the 
partial 1c NS5B sequences were clustered to reference 
sequences D14853 (Indonesia), AY651061 (India), and 
KJ439767 (Canada) (Fig. 1b  [A] and [B]).

DAAs efficacy among HCV RNA-positive CKD patients
In this study population, 157 (50.64%) patients were 
HCV RNA positive, and of these, 141 patients (89.81%) 
completed DAAs treatment. Among the 141 patients, 
66 (46.81%) individuals who completed DAAs treatment 
were enrolled between January 2017 and December 2018, 

Table 1 Comparative analysis of viremia between various 
demographic patient groups by Chi-square test
Variables HCV RNA 

positive
(n = 157)

Total 
patients
(N = 310)

Viremia 
rate (%)
(50.64%)

p-
Value

Gender Male 109 210 51.9 0.55
Female 48 100 48

Age group 
(year)

14–24 13 35 37.14 0.001#

25–34 29 84 34.52
35–44 40 77 51.95
45–54 42 67 62.69
55–64 30 43 69.77
65–74 3 4 75

Dialysis 
interval

2 times/
month

18 56 31.57 0.009#

4 times /
month

30 72 41.66

8 times/
month

109 182 59.89

Locality of 
residence

Rural 49 69 41.53 0.95
Sub-Urban 42 29 59.15
Urban 66 55 54.55

# denotes statistically significant

Table 2 HCV genotype distribution among various variable groups of CKD patients by Chi-square test
Variables HCV genotypes Total

(n = 157)
p-value

Genotype 1a
(n = 17)

Genotype 1b
(n = 6)

Genotype 1c
(n = 106)

Genotype 3a
(n = 10)

Genotype 3b
(n = 6)

Genotype 4a
(n = 12)

Gender Male 12
(11%)

4
(3.67%)

72 (66.05%) 8
(7.34%)

5
(4.59%)

8
(7.34%)

109
(69.43%)

0.32

Female 5 (10.42%) 2
(4.17%)

34 (70.83%) 2
(4.17%)

1
(2.08%)

4
(8.33%)

48
(30.57%)

Age-group
(Year)

14–24 1
(7.69%)

1
(7.69%)

8
(61.54%)

1
(7.69%)

1
(7.69%)

1
(7.69%)

13
(8.28%)

0.94

25–34 5
(17.24%)

1
(3.45%)

19
(65.52%)

1
(3.45%)

1
(3.45%)

2
(6.9%)

29
(18.47%)

35–44 3
(7.5%)

2
(5%)

26
(65%)

3
(7.5%)

1
(2.5%)

5
(12.5%)

40
(25.48%)

45–54 2
(4.76%)

NIL 33
(78.57%)

4
(9.52%)

1
(2.38%)

2
(4.76%)

42
(26.75%)

55–64 5
(16.67%)

2
(6.67%)

18
(60%)

1
(3.33%)

2
(6.67%)

2
(6.67%)

30
(19.11%)

65–74 1
(33.33%)

NIL 2
(66.67%)

NIL NIL NIL 3
(1.91%)

Dialysis Interval
(n Times/Month)

2 times 2
(16.67%)

1
(8.33%)

5
(41.66%)

1
(8.33%)

1
(8.33%)

2
(16.67%)

12
(7.64%)

0.32

4 times 4
(18.18%)

1
(4.55%)

13
(59.09%)

1
(4.55%)

1
(4.55%)

2
(9.09%)

22
(14.01%)

8 times 6
(6.25%)

2
(2.08%)

75
(78.13%)

5
(5.21%)

2
(2.08%)

6
(6.25%)

96
(61.14%)

12 times 5
(18.52%)

2
(7.41%)

13
(48.15%)

3
(11.11%)

2
(7.41%)

2
(7.41%)

27
(17.2%)

Locality of Residence Rural 6
(12.24%)

2
(4.08%)

31
(63.27%)

4
(8.16%)

1
(2.04%)

5
(10.20%)

49
(31.21%)

0.49

sub-Urban 7
(16.67%)

2
(4.76%)

25
(59.52%)

2
(4.76%)

1
(2.38%)

5
(11.90%)

42
(26.75%)

Urban 4
(6.06%)

2
(3.03%)

50
(75.76%)

4
(6.06%)

4
(6.06%)

2
(3.03%)

66
(42.03%)
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and 75 (53.19%) individuals who completed DAAs treat-
ment were enrolled between January 2019 and December 
2021, respectively. Between January 2017 and December 
2018, among the 66 patients 66.66% (n = 44) were pre-
scribed a combination of Sofosbuvir (SOF) and Ledipas-
vir (LDV), 33.33% (n = 22) were prescribed a combination 
of Sofosbuvir (SOF) and Daclatasvir (DCV) whereas, in 
between January 2019 and December 2021, out of 75 
patients, 80% (n = 60) patients were treated with SOF/
DCV, while the rest were treated with SOF/VEL (20%; 
n = 15) (Fig. 2a & Table 3).

Moreover, from January 2017 to December 2018, the 
sustained virologic response (SVR12) efficacy of SOF/
LDV was 95.45%, while the SVR12 efficacy of SOF/DCV 
was 100% against CKD patients, and two patients did 
not attain SVR12 with the SOF/LDV treatment (Table 3). 
During January 2019 to December 2021, the efficacy of 
SOF/DCV and SOF/VEL was 93.33% and 100%, respec-
tively, and four patients in this period did not attain 
SVR12 in the SOF/DCV treatment (Table 3).

Additionally, the patient who underwent DAAs treat-
ment study revealed that between January 2017 and 
December 2018, 72.72% (n = 48) were infected with 
GT-1c, followed by 1a (n = 6, 9.09%), 4a (n = 4, 6.06%), 
3a (n = 4, 6.06%),1b (n = 2, 3.03%) and 3b (n = 2, 3.03%) 
whereas, between January 2019 and December 2021 

73.33% (n = 55) had GT-1c infection followed by 1a (n = 7, 
9.09%), 4a (n = 5, 6.66%), 3a (n = 4, 5.33%),1b (n = 2, 2.66%) 
and 3b (n = 2, 2.66%) (Fig. 2b).

Moreover, it was also noticed that the SVR12 achieve-
ment among HCV GT-1c-infected patients under DAAs 
treatment during these two phases was 95.83% (46 out 
of 48) and 92.72% (51 out of 55), respectively (Table 4). 
In the later phase (January 2019 to December 2021), 
the SVR12 achievement of SOF/DCV reduced to 90.70% 
from 100% against HCV GT-1c (p-value = 0.55). How-
ever, other combinations of DAAs achieved 100% SVR12 
against other HCV subtypes in both phases (Table  4). 
The overall DAAs efficacy rate among CKD patients was 
˜ 97% and ~ 95%, respectively, between the two periods 
(Table 4).

Discussion
The incidence of HCV infection among CKD patients is 
frequent. However, implementing the International Ini-
tiative of Kidney Disease: Improving Global Outcomes 
(KDIGO) protocol helped reduce HCV infection preva-
lence among CKD patients in developed countries [21]. 
However, clinical and therapeutic management of HCV 
among CKD patients is challenging, especially in devel-
oping and low-income countries like India. Therefore, in 
this five-year (January 2017 to December 2021) study, we 

Fig. 1a A donut pie chart shows the distribution of HCV genotypes in CKD patients. 
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aimed to evaluate the HCV viremia rate, demographic 
analysis, genomic diversity, and its impact on the DAAs 
efficacy among CKD patients in West Bengal, India.

In this study, 310 HCV sero-reactive CKD patient 
samples were referred from different hospitals for rou-
tine check-ups to determine the presence or absence of 
viral RNA. HCV RNA positivity was 50.64% among the 
sero-reactive population in this study population, indi-
cating the need for intervention in eliminating hospital-
acquired HCV infection among CKD patients in this 
region. It was also observed that CKD patients in sub-
urban areas had more active HCV infection than those 
in urban areas (Table  1). Previous studies reported that 

HCV infection among patients with CKD varies from 
4.3 to 45% in India, corroborating the study data [5–7]. 
The acquisition of such widespread HCV RNA infection 
among CKD patients may be due to a lack of awareness 
about proper HCV screening (maybe testing done dur-
ing the “window period”), mishandling of contaminated 
medical equipment during dialysis, number of blood 
transfusions, nosocomial infections, dialysis treatment 
duration or cross-contamination of dialysis machines. 
However, the exact reason for HCV transmission remains 
unknown among CKD patients [5, 22]. Therefore, each 
CKD patient and hospital staff should strictly follow the 
standard infection control guidelines, and each CKD 

Fig. 1b [A]: A phylogenetic tree of partial core sequences of all HCV genotypes isolated among CKD patients
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patient should be tested for HCV infection through sen-
sitive NAT-based molecular screening along with ELISA 
[23]. This study revealed that older patients were more 
prone to HCV infection (p-value = 0.001) as compared to 
younger patients. Patients aged 55 to 74 had a higher per-
centage of HCV RNA positivity than patients of other age 
groups (Table  1). The reason behind the increased risk 
of obtaining HCV infection in older CKD patients may 
be attributed to a weak immune system and the higher 

chance of spontaneous clearance of HCV among young 
adults [24, 25]. Patients who undergo frequent dialy-
sis (8 times/month) are more prone to HCV infection 
(p-value = 0.009) (Table 1). This study’s data suggest that 
more frequent exposure to dialysis settings and hospital 
environments by CKD patients increases the risk of HCV 
infection. This finding corroborates a previous study [26].

A few global studies reported the circulation of 
“unusual” HCV subtypes among HCV-infected patients. 

Fig. 1b [B]: A phylogenetic tree of partial NS5B sequences of all HCV genotypes isolated among CKD patients
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A study conveyed the prevalence of two uncommon sub-
types, 2i (5.6%) and 4d (8.9%), among the Tunisian popu-
lation [27]. The circulation of “unusual” HCV 1 (47%) 
and 4 (13.1%) subtypes among the African population 
was also reported [28, 29]. Another uncommon HCV 
subtype, 6xg (12%), has been reported among injection 
drug users (IDU) patients in Myanmar [30]. Even Kalita 
et al. reported the presence of an atypical HCV subtype 
3f (57%) among dialysis patients in northeast India [13]. 
However, the exact global and local prevalence of atypical 
HCV subtypes is still poorly understood due to insuffi-
cient data in numerous countries across Asia and Africa 
[31]. Therefore, one of the most significant findings of 
this study was the highest prevalence of the unusual sub-
type 1c (67.52%) among this high-risk group population 
(Table 2) (Fig. 1a). The emergence of the atypical strains 

may be linked to a common source of infection that may 
be spread and transmitted through contaminated dialy-
sis equipment or due to CKD patients hopping from one 
dialysis unit to another [13]. Moreover, in West Bengal, 
the predominant circulating strain is GT-3a, followed by 
GT-3b among the general population, whereas among 
β-thalassemia patients, GT-3a is the prevalent genotype, 
followed by GT-1b [32, 33]. Additionally, an increase in 
HCV GT-4a (7.64%) infected cases was observed, which 
was also unexpected in eastern India. To the best of our 
knowledge, this is probably the first report on the circula-
tion of two HCV subtypes (1c and 4a) among the HCV-
infected population in this region. Therefore, this study 
demonstrated that the general circulation pattern of the 
HCV genotypes and subtypes among CKD patients was 
unusual compared with other community-based HCV 
genotypes and subtypes prevalence studies in West 
Bengal.

The real-world DAA’s efficacy data against high-risk 
groups, like CKD, is crucial to eliminating HCV by 2030 
[14]. In this study, we observed that between January 
2017 and December 2018 and January 2019 and Decem-
ber 2021, the overall DAAs efficacy was ~ 97% and ~ 
95%, respectively (Table  4). Briefly, the efficacy of SOF/
LDV was approximately 95% between January 2017 and 
December 2019, and further, no patients were treated 
with SOF/LDV in the next period (January 2019 and 
December 2021) (Table  3). The efficacy of SOF/DCV 
was 100% between January 2017 and December 2018 
and its efficacy was reduced to 93.33% between January 
2019 and December 2021 (Table 3), while the SOF/VEL 

Table 3 Treatment efficacy of different combinations of DAAs 
among CKD patients from 2017 to 2021
Different 
treatment
regimes

The total number of patients treated with DAAs 
between Jan 2017 and Dec 2021 (N = 141)

Number of patients treated 
with DAAs between Jan 
2017 and Dec 2018 (n = 66) 

Number of patients 
treated with DAAs 
between Jan 2019 and 
Dec 2021 (n = 75)

Number 
of treated 
patients (n)

SVR12 at-
tained (n;%)

Number 
of treated 
patients 
(n)

SVR12 
attained 
(n;%)

SOF/DCV 22 22 (100%) 60 56 (93.33%)
SOF/LDV 44 42 (95.45%) NIL NIL
SOF/VEL NIL NIL 15 15 (100%)
SOF = Sofosbuvir; DCV = Daclatasvir; LDV = Ledipasvir; VEL = Velpatasvir

Fig. 2a The distribution of direct-acting antivirals (DAAs) treatment recommended from 2017 to 2021 among CKD patients
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was not recommended from January 2017 to December 
2018 and in the next period (January 2019 and Decem-
ber 2021), the efficacy of SOF/VEL remained at 100% 
(Table  3). Additionally, HCV genotype specific DAAs 
efficacy study revealed that between January 2017 and 
December 2018, the efficacy of DAAs against HCV 
GT-1c infected patients was ~ 96%, while, between Janu-
ary 2019 and December 2021, the efficacy rate of GT-1c 
was reduced to ~ 93%, and the efficacy of other genotype 
remained at 100% in both periods (Table 4). The reduc-
tion in efficacy of DAAs among GT-1c was because of 
the slight increase in non-responsiveness against SOF/
DCV between January 2019 and December 2021. There-
fore, it can be concluded that although the reduction of 
HCV GT-1c efficacy against SOF/DCV was not signifi-
cant (p-value = 0.55, Table 4), the decrease in SOF/DCV 
efficacy among GT-1c-infected patients showed the 
impact in an overall reduction of DAAs efficacy among 
CKD patients. Afdhal et al. and Pol et al. reported that 
the SVR12 of SOF/LDV and SOF/DCV against HCV 
GT-1 was 94% and 92%, respectively [34, 35], whereas 
the SVR12 of SOF/VEL against HCV GT-1 was 100% 
[36]. Thus, this study data substantiates previous stud-
ies that SOF/VEL has achieved better SVR12 against 
HCV GT-1 infected patients than SOF/LDV and SOF/
DCV. Moreover, according to previous study reports, 
the DAAs efficacy against unusual HCV GT-1 and GT-4 
subtypes was 75% and 56% in the African population [28, 
29]. In contrast, European and Asian cohort study data 

informed the DAAs efficacy against rare HCV subtypes 
was 94% and 96%, respectively [37, 38]. Therefore, it 
can be inferred that the DAAs showed better responses 
against unusual subtypes in our study population than 
the African population. At the same time, the studied 
population’s DAAs efficacy data were more or less simi-
lar to the Asian and European populations. Furthermore, 
a low prevalence of HCV GT-3b (n = 6; 3.82%) was cir-
culating among this high-risk group and achieved 100% 
SVR12. The HCV GT-3b is a difficult genotype to treat, 
and a study reported that the achievement of the SVR12 
rate was 89% in Asia [39]. Thus, it can be inferred that, 
although the prevalence is low, the DAAs showed opti-
mal response against HCV GT-3b among this high-risk 
group.

This study certainly has inherent limitations. One of 
the study’s drawbacks was that the baseline and resis-
tance-associated substitutions (RAS) in the DAAs tar-
geted regions (NS5A and NS5B) were not mentioned. 
Vo-Quang E et al. reported that the NS5A-associated 
baseline substitutions and RAS-like K24R, M28 V, Q30R, 
L31M, H58P and A92T are circulating in other unusual 
DAAs treatment failure HCV GT-1 subtypes (GT-1d,1e 
and 1 L) patients [40]. Including NS5A and NS5B-asso-
ciated polymorphism would have strengthened this 
study. However, our group is working on the RAS analy-
sis of treatment-failure HCV GT-1c patients and other 
treatment-failed HCV genotype subtypes, such as HCV 
GT-3a and 3b individuals. Another drawback was that 

Fig. 2b The comparative analysis of HCV genotype distribution of CKD patients who underwent DAAs treatment
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this study was conducted during the COVID-19 period. 
As a result, we faced challenges in tracking the patients’ 
information during the initial phases of the lockdown. 
However, once the pandemic situation improved, we 
overcame the obstacle and channelled proper patient 
connections.

Conclusions
This study is one of the most extensive analyses of the 
prevalence of the HCV genotype in CKD patients in West 
Bengal, India. This study highlights the prevalence of cir-
culation of an unusual subtype (HCV GT-1c) among this 
high-risk group of patients in this region. Therefore, all 
dialysis centres should strictly follow the national HCV 
infection control strategy to prevent further HCV infec-
tion. Moreover, the efficacy study of DAAs illustrated 
that although the DAA’s efficacy was satisfactory in both 
phases, the increasing number of SOF/DCV non-respon-
sive cases among CKD patients can be a future concern 
for the clinical and therapeutic management of HCV. 
Therefore, a more pan-genotype treatment approach, i.e., 

SOF/VEL treatment, should be encouraged among this 
high-risk group.
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Table 4 Comparative analysis of treatment efficiency of different HCV genotypes (GTs) from 2017 to 2021 by Fisher’s exact test
Treatment 
Regime

Genotypes Number of patients who have achieved SVR12 
against DAAs between Jan 2017 and Dec 2018
(n = 64/66; 96.97%)

Number of patients who have achieved SVR12 
against DAAs between Jan 2019 and Dec 2021
(n = 71/75; 94.67%)

p-
val-
ue

SOF/DCV SVR12 achieved Non-responder SVR12 achieved Non-responder
Gen-1c 100%

(10/10)
0%
(0/10)

90.70%
(39/43)
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(0/2)

-

Gen-3b 100%
(2/2)

0%
(0/2)
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